The effect of low-intensity exercise in the heat on thermoregulation and certain biochemical changes in temperate and tropical subjects under poorly and well-hydrated states was examined. Two VO 2max matched groups of subjects consisting of 8 Japanese (JS) and 8 Malaysians (MS) participated in this study under two conditions: poorlyhydrated (no water was given) and well-hydrated (3 mL · Kg Ϫ1 body weight of water was provided at onset of exercise, and the 15th, 35th and 55th min of exercise). The experimental room in both countries was adjusted to a constant level (Ta: 31.6Ϯ0.03°C, rh: 72.3Ϯ0.13%). Subjects spent an initial 10 min rest, 60 min of cycling at 40% VO 2max and then 40 min recovery in the experimental room. Rectal temperatures (T re ) skin temperatures (T sk ), heart rate (HR), heat-activated sweat glands density (HASG), local sweat rate (M sw-back ) and percent dehydration were recorded during the test. Blood samples were analysed for plasma glucose and lactate levels.
Introduction
Regulation of body temperature is generally affected by variation in environmental air temperature, humidity, velocity of air and physical activity. Adaptation of an individual to a short period of exposure to heat and acclimatization of tropical natives to the prevailing climate was distinct from each other (Kuno, 1956 ). Acclimatization to repeated exposure to heat has been extensively studied. A literature survey revealed a lesser degree of sweating among tropical natives with a lower salt concentration than in temperate natives (Kuno, 1956; Yoshimura, 1960; Hori et al., 1976; Ohwatari et al., 1983; Sasaki and Tsuzuki, 1984; Fan, 1987; Matsumoto et al., 1991 Matsumoto et al., , 1993 Matsumoto et al., , 1998 . Studies on sweat responses to heat load among Japanese (temperate) and Thai (tropical) subjects under identical thermo-neutral conditions showed that Thai subjects had longer sweating onset-time compared to Japanese subjects (Matsumoto et al., 1993) . In addition to the marked circulatory and thermoregulatory alterations that occur during exercise in the heat, there is an increased rate of muscle glycogen utilization (Febbraio et al., 1994; Fink et al., 1975 ) that is associated with higher muscle and blood lactate levels (Febbraio et al., 1994; Fink et al., 1975; Young et al., 1985) . These responses are due, in part, to hyperthermia and higher plasma epinephrine levels (Febbraio et al., 1994; Fink et al., 1975; Kozlowski et al., 1985) , although circulatory alterations may also play a role. An exaggerated increase in blood glucose has also been observed during exercise in the heat (Febbraio et al., 1994; Fink et al., 1975; Yaspelkis et al., 1993 ) that must be due to liver glucose output exceeding muscle glucose uptake. Indeed, it has been demonstrated that splanchnic glucose output is increased during exercise and heat stress (Rowell et al., 1968) . During sustained exercise in the heat, large amounts of water may be lost as a result of sweating 1-2 L · h Ϫ1 (Coyle, 1994) . Dehydration during exercise in the heat can lead to an increased body core temperature, which may alter its cardiovascular and biochemical effects . There are, however, no studies addressing the effect of low intensity exercise in the heat among temperate and tropical natives. Furthermore, the effect of hydration status on thermoregulation, plasma glucose and lactate changes in temperate and tropical natives during and after low intensity exercise has not been studied.
Hence the objective of the present study was to elucidate whether the effects of low-intensity exercise in the heat on thermoregulation, plasma glucose and lactate parameters differed among Japanese (temperate) and Malaysian (tropical) subjects in poorly-hydrated and well-hydrated states.
Method

Subjects
Two VO 2max matched groups of subjects, 17-28 years old, 8 Japanese (JS) from Fukuoka, Japan, and 8 Malaysian-Malay (MS) from Kota Bharu, Malaysia, participated for this study. Fukuoka is located in a temperate zone (33°36ЈN: 130°23ЈE) with hot summers and cold winters while Kota Bharu is in a tropical zone (6°07ЈN: 102°15ЈE) with dry and wet weather (mean annual ambient temperature is 16.6°C and 29.5°C, respectively). In both countries, the experiments were performed during the hot season in each country. The experimental trials for JS were carried out in the months of July and August (Ta: 23°C-31°C) while the trials for MS were carried out in March and April (Ta: 31°C-32°C). The subjects were not previously trained in a hot environment but were physically active with basic recreational activities. The subjects were briefed on the details of the experimentation and the written consent of each was obtained. The physical characteristics of the subjects are shown in Table 1 .
Procedures
The subjects, constituting Japanese and Malaysians, were tested initially in a poorly-hydrated state, represented as JSPH for Japanese and MSPH for Malaysians, and finally in a wellhydrated state, represented as JSWH for Japanese and MSWH for Malaysians. In the poorly-hydrated state, water was not given during exercise, and in the well-hydrated state, 3 mL · Kg Ϫ1 body weight water (Yaspelkis and Ivy, 1991 ) was provided at each of four stages: Onset of exercise, and at 15, 35 and 55 min of exercise. The poorly-hydrated and wellhydrated experiments were done in the same subjects with an interval of one week, in random order. Experimental procedures and sports attire, comprised of shorts, socks and shoes, were similar in both countries.
The air temperature (Ta) and relative humidity (rh) of the experimental room in both countries, Japan and Malaysia, were adjusted to a constant level (Ta: 31.5Ϯ0.03°C, rh: 72.9Ϯ0.14% and Ta: 31.6Ϯ0.02°C, rh: 71.7Ϯ0.12% respectively).
Prior to the experiment, each subject was required to cycle on the ergometer at 60 revolutions per minute (RPM) for four minutes at four different workloads (50, 80, 110 and 140 Watts) over a period of 16 minutes. Expired gas was measured throughout the test, but only the values during the final minute of each 4-minute increment were recorded. This was based on the fact that a subject reached a steady state of VO 2max after cycling for four minutes. Subsequently, a VO 2max test was carried out to determine the subjects' maximal oxygen uptake ( VO 2max ). For this the subjects were required to cycle on an ergometer at 60 RPM until exhaustion. During this test, the initial workload was set at 50 Watts and it was increased by 16 Watts every minute until the subject reached volitional exhaustion, i.e., was unable to maintain a pedaling speed of 60 RPM in a neutral environment (Ta: 24.2Ϯ0.18°C, rh: 66.4Ϯ1.4%) (Singh et al., 1989) . From the data obtained in the submaximal exercise test and the VO 2max test, the workload which would elicit 40% VO 2max of a subject was calculated.
For the experimental study, the subjects were required to abstain from strenuous exercise for at least 48 hours prior to each test. They were not allowed caffeinated drinks, alcoholic beverages, or any drugs, and they were confined to bed before 23:30 on the nights prior to the test days. Subjects reported to the laboratory two hours before testing. A standard breakfast consisting of two slices of white bread and 500 mL of plain water were given to the subjects within 15 min of arrival to ensure a normal hydration state (ACSM, 1996) . The subjects then sat in a thermoneutral environment (Ta: 24.2Ϯ0.01°C, rh: 66.4Ϯ0.1%) and remained in a comfortable sitting position for 15 minutes before a Teflon venous catheter was inserted into a forearm vein and fitted with a three-way stopcock for blood sampling. This remained in place for the remainder of the test.
The body surface area (BSA, m 2 ) was calculated from weight (W, kg) and height (H, cm) by the equation of Fujimoto Ϫ4 . Nude body weight was then recorded before and after the test using an electronic scale with an accuracy of Ϯ0.01 kg. The subjects were then asked to enter the hot experimental chamber (Ta: 31.6Ϯ0.03°C, rh: 72.3Ϯ0.13%) and spent 110 minutes in the hot environment, an initial 10 min at rest, 60 min cycling, and 40 min of recovery. During the first ten minutes and the last forty minutes, the subjects rested on an electrically-braked bicycle ergometer. Between these periods, the subject pedaled the bicycle ergometer at a constant rate of 60 RPM for 60 minutes, with control workload to achieve an intensity of 40% VO 2max . All tests were carried out between 1000 and 1200 to avoid the influence of circadian rhythms.
Measurements
Rectal temperature (T re ) was monitored continuously by a thermistor probe (Gram Cooperation Thermistor Sensor, Japan; accuracy, Ϯ0.01°C), which was inserted 12 cm beyond the anal sphincter. Skin temperature was measured with thermistors attached at seven sites (forehead, abdomen, forearm, hand, thigh, calf, and foot) with surgical tape throughout the experiment. Mean skin temperature (T sk ) was calculated by using Hardy and Dubois' equation (1937) . Heart rate (HR) was monitored every 10 min using a polar HR detector. Local sweat samples were collected every 10 minutes by pieces of filter paper (12.4 cm 2 ) attached on the lower part of the sub scapular region and then covered with a sheet of vinyl to prevent evaporation of the sweat. The local sweat rates on the back (M sw-back ) were calculated from the mass gained by the filter paper with the use of an electric balance accurate to 1 mg. The heat-activated sweat gland density (HASG) was measured by using the iodine and starch method at 10-minute intervals during the experiment (Inoue, 1996) . Blood samples were collected 5 min before exercise, at 5, 20, 40 and 60 min during exercise, and 20 and 40 min post exercise recovery, and transferred into a tube containing Natrium Fluoride (NaF) for estimation of plasma glucose and lactate levels. The plasma was separated by bench-top centrifugation. The plasma was analyzed for glucose by using the glucose kit enzymatic calorimetric method and the plasma lactate was analyzed by using a lactate analyzer. The percent dehydration during the test was calculated using the following formula.
Percent dehydration (%)
Statistical Analysis
The data were analyzed with repeated-measures analysis of variance (ANOVA) incorporating groups, treatments and time as factors using VisualState for Windows Version 4.5 software. Through ANOVA, Tukey post hoc comparisons were used to
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Results
Dehydration
The extent of dehydration was more among the JS compared to MS in both poorly-hydrated (1.41Ϯ0.12% and 1.13Ϯ0.06% respectively) and well-hydrated states (1.44Ϯ0.13% and 1.17Ϯ0.11% respectively) but neither was significant. However, the combined poorly-hydrated and well-hydrated groups of JS (1.43Ϯ0.08%) were significantly higher in dehydration than the MS (1.15Ϯ0.05%). There was no significant difference between groups and treatments in total body of sweating rate. 
Local sweat rate
The local sweat rate at the lower part of the sub scapular region (M sw-back ) during the rest, exercise and recovery periods is shown in Table 2 . There was significant interaction among groups, treatments and time. M sw-back in JSWH was significantly higher when compared to MSWH at any time during the exercise period, whereas, in the poorly-hydrated state, the only significant difference was noted within the 10-20 min period of exercise between JSPH (1.349Ϯ 0.182 mg · cm Ϫ2 · min Ϫ1 ) and MSPH (0.622Ϯ0.098 mg · cm Ϫ2 · min Ϫ1 ). At any time during the recovery period, it was significantly higher in JSPH when compared to MSPH. However, JSWH was significantly higher at two points (within 0-10 min and 10-20 min) when compared to MSWH.
Heat-activated sweat glands density
The heat-activated sweat gland density (HASG) during rest, exercise and recovery is shown in Table 3 . There was significant interaction among groups and time but no significant differences between treatments. The HASG was significantly higher during resting in combined poorlyhydrated and well-hydrated groups of JS (34Ϯ5 glands · cm Ϫ2 ) compared to MS (7Ϯ2 glands · cm Ϫ2 ). At 40 min during the recovery period, HASG was also significantly higher in JS compared to MS (33Ϯ5 glands · cm Ϫ2 Vs 15Ϯ3 glands · cm Ϫ2 ).
Rectal temperature
Changes in rectal temperature (T re ) during rest, exercise and recovery are shown in Fig. 1 . There was significant interaction among treatments and time but no significant differences between groups. The changes of T re between resting levels toward the end of exercise were calculated (DT re ). The results were 0.88°C, 0.93°C, 0.67°C and 0.63°C for JSPH, MSPH, JSWH and MSWH respectively but there was no significant difference between the groups. During the recovery period, T re decreased faster (0.45°C) in MS from 38.20Ϯ0.12°C at the end of exercise to 37.75Ϯ0.10°C at the end of the recovery period compared to the JS (0.19°C) in poorly-hydrated treatments, whereas in well-hydrated treatments both subjects followed a similar trend and the difference was smaller.
However, starting at the 40th min of exercise until the end of the recovery period, in the combined groups of JS and MS, the T re was significantly higher for the poorly-hydrated than for the well-hydrated condition. For instance, at the end of exercise, in the combined groups of JS and MS, the T re was significantly higher for the poorly-hydrated (38.11Ϯ0.08°C) than for the well-hydrated condition (37.84Ϯ0.08°C). 270 Effects of Exercise in the Heat on Thermoregulation of Japanese and Malaysian Males 
Mean skin temperature
The change in mean skin temperature (T sk ) during rest, exercise and recovery is shown in Fig. 2 . There was significant interaction among groups and time but no significant differences between treatments. At the 10 min of resting level T sk was lower in JSPH (34.75Ϯ0.13°C), JSWH (34.75Ϯ 0.09°C) when compared to MSPH (35.39Ϯ0.43°C), MSWH (35.96Ϯ0.39°C) states respectively. Also T sk at the end of exercise was lower in the JS compared to MS in the poorly-hydrated (35.64Ϯ0.20°C and 36.59Ϯ0.35°C) and well-hydrated (35.51Ϯ0.18°C and 37.22Ϯ0.35°C) states respectively. Toward the end of the recovery period T sk dropped slightly from the end of exercise in both the poorlyhydrated (36.59Ϯ0.35°C to 36.16Ϯ0.35°C) and well-hydrated (37.22Ϯ0.35°C to 36.49Ϯ0.34°C) states for MS.
Moreover, in JS the T sk dropped lower than the resting levels in both states. The combined poorly-hydrated and wellhydrated groups of JS starting at the 5th min of exercise until the end of the recovery period was significantly lower in T sk than the MS. For example the combined groups of JS (35.55Ϯ0.24°C) at the end of exercise had a significantly lower T sk than the MS (36.93Ϯ0.24°C).
Heart rate
The HR during rest, exercise and recovery is shown in Fig.  3 . There was significant interaction among treatments and time but no significant differences between groups. The HR increases were similar in both groups and treatments throughout the exercise and at the end of exercise. The results at the end of exercise were 142Ϯ5 beats · min Ϫ1 , 140Ϯ6 beats · min Ϫ1 , 134Ϯ5 beats · min Ϫ1 , 133Ϯ6 beats · min Ϫ1 , for JSPH, MSPH, JSWH and MSWH respectively.
However, starting at the 10th min of recovery until the end of the experiment in the combined groups of JS and MS, the HR was significantly higher for the poorly-hydrated than for the wellhydrated condition: for instance, at the 10th min in the poorly-hydrated condition (100Ϯ4 beats · min Ϫ1 ) and in the well-hydrated condition (90Ϯ4 beats · min Ϫ1 ).
Plasma glucose concentration
The plasma glucose concentration level was similar within the JS and MS, under resting conditions at the normal range between 5.10 to 5.71 mmol · L Ϫ1 (Fig. 4) . There was no significant differences noted between groups, treatments and time. During exercise the plasma glucose concentration level fell between 4.00 and 5.24 mmol · L Ϫ1 but was still within the normal range and between 4.41 and 5.31 mmol · L Ϫ1 during the recovery period.
Plasma lactate concentration
The plasma lactate concentration level during rest, exercise and recovery is shown in Fig. 5 . There was no significant differences noted between groups and treatments in plasma lactate concentration. Plasma lactate concentration was significantly higher initially in the MSPH when compared to JSPH and JSWH.
Discussion
Climatic exposure to heat results in gradual acclimatization, an adaptive physiological process leading to a decrease in body temperature, a decline in metabolic heat production and an improvement in heat tolerance. This phenomenon generally occurs in tropical natives and they exhibit a better heat tolerance. There are a number of studies with regard to heat acclimatization (HA) responses in short-term physical and heat-stress conditioning, but those mentioning HA responses with prolonged passive heat exposure (HE) are scarce (Strydom et al., 1966; Shapiro et al., 1981; Chin et al., 1997) . Passive HE is interpreted as living in a hot climate without performing intense exercise on a regular basis. Sweating is a mechanism of heat dissipation for humans when exposed to a hot environment. It is known that the sweating response to heat is influenced by climate conditions. In an area where there is a distinct seasonal fluctuation of ambient temperature, as in Japan, various physiological responses may change season by season. As to sweat responses to seasonal changes during summer, the sweat rate is higher, with a shorter latent period for sweat onset and lower salt concentration in sweat than in winter (Kuno, 1956; Yoshimura, 1960; Hori et al., 1976) . In the present study, M sw-back was significantly lower in the MS compared to the JS at rest, and during the exercise and recovery periods, in the well-hydrated condition ( Table 2) . As a result, the extent of dehydration was less in MSWH (1.17Ϯ 0.11%) compared to JSWH (1.44Ϯ0.13%). Combined poorlyhydrated and well-hydrated groups showed that MS (1.15Ϯ0.05%) was significantly lower in dehydration than the JS (1.43Ϯ0.08%). It might be of significance in terms of water saving, which increases T re markedly (Schmidt et al., 1956) . In a similar study, the local amount of evaporation was significantly lower in Vietnamese when compared to Japanese (Nguyen and Tokura, 2003) , whereas, in the poorly-hydrated state, M sw-back was significantly lower in MSPH when compared to JSPH only at 10-20 min of exercise. Nguyen and Tokura (2003) have suggested that people living in a tropical climate and exposed to high ambient temperatures have a higher set-point of core body temperature.
MS had a lower M sw-back as compared to JS in the wellhydrated condition because of the passive HE resulting in a higher set-point of core temperature and increased dry heat loss. In the poorly-hydrated state, M sw-back in both groups was lower because of dehydration. At overall lower rates of secretion the difference between MS and JS was also lower and did not reach significance levels. The thresholds of temperature for sweating in MS were higher than those of JS, which indicate stronger heat tolerance in topical natives when compared to temperate natives. In the combined poorly-hydrated and well-hydrated groups HASG was significantly higher during resting and at the end of recovery in JS compared to MS (Table 3 ). This may have also contributed to an increased local sweat rate. Lee et al. (1997) reported that the sweat gland density was 50.6% higher and the sweat gland output per single gland was 20.4% greater in Japanese compared to Africans. The total number of active sweat glands is thought to be dependent on the climate where the individual lives. Hence, activation of sweat glands in JS appeared to have increased the secretion of sweat.
Many studies indicated that average T re at rest was higher in tropical natives when compared to temperate natives. Our study (Fig.1) , where the resting T re levels of all the combined poorly-hydrated and well-hydrated conditions of MS (37.27Ϯ0.12°C) were higher than the JS (37.15Ϯ0.09°C), albeit not significantly, supported these previous findings. As reported by Nguyen and Tokura (2002) , the average T re during the daytime was significantly higher in the Vietnamese than the Japanese. Residents in Singapore who were acclimated to the tropical climate have been found to have a higher body temperature than people in temperate climates (Adam and Ferres, 1954) . Several studies indicated that a smaller increment of the T re in a warm ambient temperature has often been observed in HA people (Gisolfi and Robinson, 1969; Gisolfi, 1973; Henane and Bittel, 1975; Nielsen et al., 1993) . This higher core temperature accompanying HA has often been reported in the literature (Davy, 1850; Sundstroem, 1927; Mason, 1940; Renbourn, 1946; Ladell, 1964; Cisse et al., 1991) . For example, people living in a tropical climate have been shown to have a higher oral temperature in summer when compared to winter (Driver, 1958) . Therefore, a raised core temperature could indicate adaptation to heat, as discussed by Ladell (1964) . Nguyen and Tokura (2002) have suggested that the set-point of the core temperature was set at a higher level in the Vietnamese during the daytime. These results led to the suggestion that the set-point of core temperature in people who are living in a tropical climate and who are repeatedly exposed to high ambient temperatures may be shifted toward a higher level (Nguyen and Tokura, 2003) . The raised level of core temperature might be ecologically helpful for reduction in the amount of sweating (Nguyen and Tokura, 2002) . The higher core temperature, which was actively regulated in a warm temperature, seemed of adaptive significance, resulting in a reduction of water consumption. Therefore, the higher setpoint value of core temperature could be an indication of HA with a reduction in the amount of sweating, this being required to defend the higher set-point of core temperature. The physiological mechanisms for establishing a higher set-point in core temperature remain to be studied (Nguyen and Tokura, 2003) . In our study, starting at the 40th min of exercise until the end of the recovery period, in the combined groups of JS and MS, the T re was significantly higher for the poorly-hydrated than for the well-hydrated condition. When combined JS and MS groups were compared between poorly-hydrated and wellhydrated states, the HR was significantly higher for the poorlyhydrated state from the 10th min of recovery until the end of the experiment. This demonstrates that water ingestion during exercise performed in the heat can attenuate a rise in body temperature. This is in keeping with the findings of Costill et al. (1970) and Gisolfi and Copping (1974) .
T sk was higher in the MS than in the JS in both poorlyhydrated and well-hydrated states during the rest, exercise and recovery periods (Fig. 2) . The combined poorly-hydrated and well-hydrated groups of MS had a significantly higher T sk than JS starting at the 5th min of exercise until the end of the recovery period. This may be a physiological reaction to warm ambient temperature for dissipation of body heat, which resulted in a lower M sw-back in the MS (Table 2) . Towards the end of the recovery period, T sk was stable in both well-hydrated and poorly-hydrated states for MS. However in JS, the T sk dropped below the resting levels in both states. A previous study by Tsujita and Hori (1978) showed that in subjects born and raised in Okinawa (a subtropical area) T sk was higher and less uniform when compared to that in subjects born and raised on the Japan mainland (a temperate area) but had lived in Okinawa for less than two years. Besides, in subjects born in Okinawa, T sk rose when they were exposed to a hotter ambient temperature whereas T sk of subjects who had lived in Okinawa for less than 2 years rose less and sweating occurred earlier when exposed to a hotter environment. A higher T sk for subjects born in Okinawa is considered to be caused by their long residence in a subtropical zone. The higher T sk for subjects born in Okinawa may be due to the result of increased blood volume with improvement in the cutaneous circulation and reduction in the subcutaneous fat level induced by longterm HA (Hori, 1995) . The reduced amount of evaporation rate and delayed sweating onset in the Vietnamese (Nguyen and Tokura, 2003 ) is due to the higher T sk in the Vietnamese (Nguyen and Tokura, 2002) , which accelerates dry heat loss with a reduction in the rate of sweating. Tropical inhabitants possess heat-tolerance due to enhanced dry heat loss such as radiation, convection and conduction, which was convenient for maintaining body fluids and osmolarity (Matsumoto et al., 1993 . A decrease in the subcutaneous fat layers causes a change in the body shape, such that the ratio of body surface area to body weight is increased . Thus, a reduction in subcutaneous fat in a hot climate is considered to be favourable for heat dissipation from the body to the environment. This is due to an improved capacity for nonevaporative heat dissipation induced by a higher skin temperature and a greater ratio of body surface area to body weight.
Plasma glucose (Fig. 4) and plasma lactate concentration (Fig. 5) were not significantly different between groups, treatments and time. In addition to the elevated body temperature, exercise that was performed in the heat appears to increase the rate of endogenous carbohydrate utilization (Dimri et al., 1980; Greenleaf and Castle, 1971) . Rowell et al. (1968) observed that exercise at 50% VO 2max in 49°C heat increased hepatic glucose output compared with exercise in a thermoneutral environment. HA increases mitochondrial capacity for free fatty acid oxidation (Kirwan et al., 1987 ) with a concomitant decrease in the rate of glycogen utilization (King et al., 1985; Kirwan et al., 1987; Young, 1990) , so that muscle lactate accumulation is reduced after HA . Nevertheless there were no significant differences between JS and MS in both parameters, which may be due to the low intensity of exercise.
In conclusion, tropical natives have lower M sw-back associated with higher T sk and T re during the rest, exercise and recovery periods. However, temperate natives have higher M sw-back and lower T sk and T re during experiments in a hot environment. This phenomenon occurs in both poorly-hydrated and wellhydrated states with low intensity exercise. The differences in M sw-back , T sk and T re are probably due to a setting of the core temperature at a higher level and enhancement of dry heat loss, which occurred during passive heat exposure.
